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EXECUTIVE SUMMARY 


The aaached leport was prepared in accordance with Section 215, Report on the 
Strategic D^ense Imiiatif/e DepkymetU Schedule^ included in the FY 87 Authorization BilL 
The requirements of that section srt listed in the preface to the report The basic 
reqmiement is show how SDI>developed technology and systems can enhance other 
defendve imssioas and systems. This iqm presents the results of the SDIO assessment 

The r^ort provides a description of defensive missions and functions and related 
SDI technologies that could provide a basis for their improvement These missions and 
functions have been divided into five major categories with each presenting a short 
summary of the Actors rdating to the pairicolar element of defense, a review of related SDI 
tedtnologies, and an assessment of posable fatnre technology devdopments. The sections 
win prov^ esrimated costs for devdqping tqtplicabie SDI technology but not costs for a 

-speqfic conventional system ance diese are 

' - 

__ + 

The ^cipal focns of the Strategic Defense Initiative program is to develop 
technology needed to support an infocmed decision on whether to proceed ro. full scale 
engine^g (tevelcpmeot and sobseqt^ deployment of a ballistic misrile stiat^ defense 
system that wouM eventually result in a deSmse-doimn^d strategy. The SDI technob^es 
win provbe the basis brdcvdopmg defensive systems for deployment in layers fin space, 
in the air, bn the ground or at sea), to increase the probabilhy of successful missile 
interc^L Even initial depbyments of a layered defense coub introduce suMcieht 

T 

uncertainty in the nrind of a potential ag^essor about the outcome of a ballistic missile 
strike and dius deter an attack, Ch^ter One of this report discusses the systems which we 
are pursuing as near-term SDI options and important military capabilities they could 
produtte. 

*■ 

■ 

Ano&er obvious near term benefit of our SDI efibrts may be the capability to 
defend U.$. and allied forces fiom the threat of shorter range ballistic missiles. From its 
inception SDI has had a mandate to examine defenses against all ballistic missiles, 
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including those shorter range systems-nuclear, chemical, and convendonal-which threaten 
our allies. The Soviet arsenal of tactical missiles is becoming more capable and 
threatening, especially to high value dteater assets such as command and control nodes, air 
defense sites, redeployment centers, and nuclear retaliatory systems. The development of 
systems capable of providing significant early warning,-attack assessment, battle 
management, and system kfll against medium and short range ballistic missUes, is cridcaL 
The SDI PLAGE (Flexible, lightweight, A^e Experiment) technology, for example, 
deady conld (mntnbom to this mission; however, other activities such as the ^gn of 
defense aicMtecmies for theater defease are also very i mport ant Chapter Two addresses 
technology programs being pursued SDI, vdiich may have applicadon in this area. It 
also discusses die mffitary pay>off to be obtained fiom sneh c^abilides. 


Dhect t^plicadon and spinoff fiom the SDIO program can provide significant 
rahancement of conventional missions and systems in both die near and ^ term. In the 
near term, valuable ^inofi fiom die SDI program has already occurred in the process of 
meeting the demanding retpiircments of die SDI mission. These t^eiepments can be 
-'rapidly ^lied d) improve existing cortvendonal we^Kms. As the SDI program moves 
forwanL additional teehnolo^es wiH matoze m provide evoludonaiy chan^ to 
cpnveuiioaal systems. These advances will result m sew systems which can profoundly 
change die nature of modem convendcmal defense. Fuidier, SDI-^veloped mols znd 
tecbnhpies fin addeving cost and xeHabili^ in^novements in the manufactuze of advantted 
technology systems can also in^ve the produdbOity, cost and udli^ of convendonal 


systems. The duid chapter of dds report deals with diese issues in greater detail. 



m space; a review of the genetic imp r ov ements to coniteotbnal warfighdog systems using 
SDIO technologies and the inpact of SDI technokigy and systems on fleet operations. 


The fourth chapter provides an assessment of the need for defense of U.S. and 
allied space<based assets, and how SDI technologies can make that Mense possible. 
Nadonal commuhicadons, intelHgence coUecdon, weadier seosots, and navi^don systems 

are increasingly central m the operatbn of any modem militar y establishment Yet they are, 

+ 

■ to var^g degrees, vulnerable to attack and destnicdon. SDI technology can provide the 



capability for defending these nadonai assets against direa attack and for surviving in the 
rigorous environment of space through the use of hardening techniques, improved 
reliability, and new power generation systems. 

Hie last diapter addresses SDFs capabilities ro provide near-teim, advanced, space- 
based surveillance and tracking sensors to serve a variety of natioDal securi^ purposes. 
The development of sensor systems needed to determine the initiation of a missile attack, 
then process and communicate the infoimaiicKi to the battle managers ami weapon ^s^ms, 
will also be able to provide this capability for the benefit of other missions such as fleet 
opexadoos, ni^ opeiadons, aiiciafi control, and target sensing. 

I 

The data presented in the above secdons axe not intended as a final, all-inclusive 
listmg of the many pomndal applications of SDIOdeveloped technology to other missions. 
To the contrary, this repm can provide imle more than a pre limin ary perspeedve of a 
dynamic and extremely promising technology development effint. The full conmbudon of 
SDl technolo^es to national and allied security and civil technology, we can only estimate 
roday. It seems clear, however, that the SDI program wiU be a very valuable resource for 
tedmology. The potential application of SDIO technology is extensive across defense ^ 
elements, dnee each defense program (land roroes, naval forces, tacdcal air for^ and 
nuclear foc^) can make use of these technob^ to in^ve current systems and enhance' 
the capability of finure systems. The opportunides to improve sirpport systems in the 
- nadonai infiastmemre are also toad. For example, comrminicadnDS satellite reliabfliry and 
opetadon, weather mooiroring and analysis, manufactming technique and m^teri ak use, 
and medical ^Ibadons of lasers or other systems are just a few examples of benefits that 
the nadon would accrue from this broad range of technical analysis. It is clear that the 
Strategic Defense Inidadve, a broad and complex technical program, will provide a basis 
for the technical improvement of our nadon's defease and that of our allies fiom the 

in^mwement of convendonal systems ro the development of complex space defenses. 

+ 

■¥ 

The impact of SDI technology on convendonal defenses is recognized in the 
Conventional Defense hiidadvc (GDI) program established by Congress late last year. The 
CDI plan under development by OSD will include numerous projects that apply spinoff 
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technology from SDIO weapon, sensor and battle management/C^ projects. The DoD 
Report to Congress on the CD! plan wiE elaborate hnther on this subject 
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PREFACE 


I 


The Defense Autborization Act» 1987, contained the following: 


SEC 2JS. REPORT Off STRATEGIC DEFENSE 
INITIATIVE DEPLOYMENT SCHEDULE (U) 


(a) REPO^ REQUIREMENr ~The Secretary of Defense 
shall submit to Congress a report detailing what 
Strategic Defense Mdadve technologies can be 
devdo^ or deployed within the next 5 to 10 years m 
defend against si^uScant mili^ threats and help 
accompliSi critical military missioiis. The missions to 
be considered include- 


(1) defending United States Armed Forces abroad 
and Unit^ States allies against tactical ballistic 
missiies, patricolariy new and highly atxmate 
Soviet shmteriange ballistic nnsriks annoi with 
comremiona], diemical, unclear warheads; 


(2) defaidmga^inst a limited but nnHtsnlyeSective 
Soviet attack aimed at disiuptmg the-Nadonal 



(3) providing su^cient warning and tracking 
infotmaiioa to defend or effectively evade 
possibb Soviet attacks against militaiy satellites 
including those in high o^ts; and 


(4) providing early valuing and attack assessment 
information and the necessary soivivable 
command, control, and communicarion to defend 
against posrible Soviet conventional or strategic 
attacks. 


(b) ADDinONAL MATERIAL TO BE INCLUDED -The 
itportshali- 

(1) identij^ any other signiScant near-term milit£uy 
missioit thru the appheadon of Strategic Defense 
Mtiative technologies might help accomplish; 


vu 
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(2) list what specific program elements of the 
Strategic Defense Initiative are pertinent to these 
t^lk^ns; 

(3) estiinate initial operating capabOiQr dates for the 
systems needed to accon^lish these missions; 


(4) estimate the level of funding necessary for each 
progiam to reach these operating capability dates; 
and 


(5) estncatedtesamvaM^ and <»st effect 
die mar^ of fitese s^tems a^inst current and 
projected Sov^ dtrts^ 

(c) DEADLINE FOR REPORT-^Tht report under 
subsecdon (a) shall be submitted not later t^han March 
15.1987. 


This report satisfies dia£ tequhemeuL 



GLOSSARY OF TERMS 




BSTS 

Boost Phasft Suxveillan(^ and Tiack Sys^ 

DEW 

Diiccntd Energy Weapons 

EMG 

Electromagnedc Gun 

EML 

EkctuHiiagsetic Launch 

HBIS 

Emannosphesic Reentry Vehicle Biteicqit System 

EWAA 

Early Warning Attack Assessment 

PLAGE 

Flexible lightwrigjit A|?le Guided Experiment 

GBL 

Ground-based Laser 

GBLW 

Ground-based Laser Weapon 

GBR 

Ground-based Radar 

HEDI 

H!^ Endoatmospheric Intercqit ^EssUe 

HLLV 

* * 

• Heavy lift Laun^ Vehicle 

• HVG . 

Hypcrvclcc^ Gun , • . 

ICBM 

Liffitcontmental Ballistic 

ID 

Ihoracmo Discdrmnatioa 

KEW 

Kinetic EiKigy Weapon. 

KKV 

Enetic Kill Vehicle 

LOO 

Line of Communicaticm 

Lwm 

!■ 

Long-wavelength Marcd Radar 

NATO 


NCA 

Nadwial Command Authoriiy 

NPB 

Neutral Pardde Beam 

C?IH 

Over the Hrsizca 

RV 

Reentry Vehicle 

SA/BM 

Systems Analysis and Battle iVlanagement 

SATKA 

k 

Surveillani^ Acquisition, Tracking, and KiH Assessment 

SBES 

Space-based Engagement System 

SBL 

Space-based Laser 
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SBLW 

Space-based Laser Weapon 

SBNPBW 

Space-based Neutral Paitide Beam We^on 

SBR 

Sp^based Radar 

m 

Strategic Del^nsc Initiative 

SDIO 

Sttate^c Defense Icidadve Organization 

SLBM 

Submarme-lamKhed Ballistic MissOe 

SLKT 

SuEviyaK%, Lethality and Key Technologies 

SSBM 

Short-range Ballistic MssSes 

SNF 

ShoTMasge Nuclear Force 

SRINF 

Shocter-iange Intennedias Nuclear Force 

SSTS 

Space-based Survcilianc* and Tracking System 

IBM 

Tactical Ballistic 

TMD 

Theater Missile Defense 

TWT 

Ttavding Wave Tube 



INTRODUCTION 


The <hweIopiiKnt of defensive systems is dependent upon a varies of requirements 
and the availability of technology* but the Irey to an effective defensive system is its abili^* 
to derer aggression through the development of uncertainty on the outcome of the battle. 
That is, any porential adhfcrsaiy shouhi know that his contemplated attack will be met by 
systems that will endure and respond in kind. The design requirements for modem 
defensive systems can be suznmanzed in three concepts listed below. The development of 
SDI icchnobgy in snpport of its primary nrisa nn and in support of the Improvement of 
other defensive systems ensure that diesc goals are achieved. 

The first requirement is military efifectiveness. A defense against ballistic mi.ssiles 
must be able to destroy a suMcient portioa of an aggressor's attacking force to deny him 
conj^ence that be can achieve his objectives. In doing so, the defense should have the 
potential to deny that aggressor the ab^^ to destroy a militazily significant portion of 
target baso he wishes m attack. 

* ^ d ^ 

' 

-r V 4 

V ■ m. 

The second requirement is suivrv^nlity. Defenses must maintain a suMcient 
di^ of dEKfiveaess 10 am didr ndss^ evm m to to of deimm^ 
defenses and, perhaps, loss of some individual components. Such a capabOi^ will 
maintain stability by discoura^g such attacks. SurvivabUity means that the defensive 
^tem must not be an appealing target for defense suppression attacks. The offense must 
be forced to pay a penalty if it attempts to nc^te the defense. This penalty should be 
sufindently high in cost and/or uncertain^ in achieving the required outcome that such an 
attack would not be contemplated seriously. Additionally, the defense system must not 
have an "Achilles heel" la the conte-xt of the SDI survivability would be provided not 
only by specific technical "fixes” such as eraploying maneuver, sensor blinding, and 
protective shielding materials, but also by using such strategy and tactical measures as 
pmliferadon, deception, and self-defense. System survivability does not mean that each 
and eve;:y element of the ^stem need m survive under all set of circumstances; rather, the 
defensive force as a whole must be able to achieve its mission, despite any degradation in 
the capabiliQf of some of its components. 

Xi 


The third icquirement is that options generated by research be evaluated to the 
de^ee that the defensive systems discourage an adversary's aoempt to overwhelm them 
with athiidonai oSensive c^ability. Technology and tactics must be available that would 
allow the system to evolve over an extended period to counter any plausible rsponsive 
threats. Such a robust defense should have the eSect of demning a strong offensive 
response atul enhancing stability. In sbor^ the Department of Defense seeks defensive 
opti<His-as with other military systems~that are able m maifiiain their defense c^abilides 
more easily dian countenneasures could be taken to tty to de^ them. This criterion is 
couched in terms of cost-eSectiveness at die margin; however, it is much mote than an 
economic concept 
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CHAPTER ONE 


EVOLUTIONAKY STRATEGIC MISSILE DEFENSES 

SUMMARY 

At present, the United St^ has no defense against strategic ballistic missile 
systems viewed fay the Soviet Union as the cridcai element in pursuit of its military 
strategy. These missiles oHer a unique combination of responsiveness, swiftness, 
aaniracy, reliability, survivabilit;' and penetrability. Such characteristics are viewed fay the 
Soviets as cridcai to their ability to effect surprise, to preempt, and to employ 
overwhe lming force at the decisive time and place, fo the event of a nuclear conflict, Soviet 
strategy calls for the early use of faallisdc missiles to cripple the opponent's ability to 
respond, focreby setting the stage for subsequent combined arms operadons to achieve 
victory. ^ ' 

Qnr^ Soviet force posture is well designed to meet its strategic objectives. The 
Soviets have deployed 308 SS*I8 ICBMs with over three thousand haid>ta^et enable 
warheads. In addition, thene are over 1000 SS>11, SS*13, SS*17, SS^19 and SS~25 
ICBMs with approximately 3000 RVs. The Soviet SLBM force has increased substaiuiaily 
over the past decade, and now consists of some 1000 SS-N-5,6,8,17,18,20 and 23 
SLBMs with over 3000 RVs. hi combination, Soviet strategic nuclear forces provide 
Moscow with a large prompt cotmterforce capability, signiScant operational forces to 
conditot strikes against soft value military targets, and a strategic reserve for intra-war 

deterrence or foUow-Oii stnlms. 

b- 

w 

The goal of Strategic Defense Initiative technologies is to contribute to a defense- 
dominated enviionment that will devalue the utility of the ballistic missile. Creation of a 

F- 

defonse architecture that would create uncertainty in the ininds of Soviet plann^ could 
contribute to this goal. As the defensive capability evolved’it could eventually bring the 
Soviets to the point where they recognized that the ballistic missile had become 
fundamentally incapable of achieving its military misaon in support of their potential 
objectives. 
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Given an early national decision to proceed with full scale engineering 
development, an effective stcategc defense system could be deployed in sufficient quantiiy 
and depth to piovie^ an initial layered defense. Within the ten year period set by the terms 
of reference for this study, such a system would be based on near-term technologies, it 
would also be desired to provide for gcowth, both by making allowance for further 
technolo^cal movements and by the addition of later supporting layers or systems. 
Thus, a near-term ^tem would be but a jSist phase of an eventual mtal defendve system. 
As currently conceived it would consist of multiple layers to increase the probability of 
preventing a suct^ssM missite stoke, and could be constructed as follows: a boc^ phase 
layer combining the Boost Phase Survdnance and Tracking System (BST^) and Space- 
Based Kinetic Kill Vehicle (SBKKV); a nudeourse layer using sensors to detect the 
attacking elements after they have separated &om the mis^e and provide data for the 
Exoatmospheric Reentry Vehicle Interceptor System (ERIS); a terminal layer could 
augment cariier layers with sdtbome optical sensors, ground-based radars and the High 
E ndo a tmos phedc Interceptors (HEDI); the entiie lay^ defense would be manflg»H and 
&ected by a dscentraluad BM/C^ system. 


The technical progress that has been made on die SDI research program over the' 

past three years has advanced at an unc:q?ectedly fest pace and is still accelerating. We 
rcmamconvmced'that die basic goal of tile SDI Program is achievable, ffismost likely that 

futtire decisions on deploymerns conid have to be made on the basis of defensive options. 


fpro 


This evohitwnaty ^pioadito strategic defense is known as die concept of phased, 

orinaemental,depIoymenL Recognizing the feet titat no strategic defense system could be 

d^loyed all at once, tins concept of phased deployment aditecs the question of how to 

deploy strategic (fcfenscsm die cv«u a depfeyment decision is made in the future. Itdocs 

not constitute a decision to d^y. Such a dedsioa can not be made now. We continue ro 

believe tiiat the defense resulting ffan ti» various incxemens most be ejqsected ro meet our 

basic criteria; thus, the development and deployment of the initial phase of an evolutionary 
system should provide a base upon which the larger, integrated system can continue to be 
built and should perform a militarily useful fiinction that contributes an increase in our 
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seoirity commensvirate with the commitment of resources involved. This would also 
increase arms coQDXtl negotiadiig leverage for balanced reductions in offensive weapons. 


The goals of defense deployments are: (1) deny the Soviets confidence in the 
militar y efifectiveness and political utility of a ballistic missile attack; (2) secure significant 
military capability for the U.S. and its allies to deter aggression and support their mutual 
strategy in the event deterrence should fail; (3) secure a defense-dominated strategic 
environment in which the U,S, and its allies can deny to any aggressor the military utility 
of ballistic misdie attack. 


It has become clear that these goals can be reached ihrou^ the.phased deployment 
of defenses, and that incremental deployment of defenses is the only likely means of 
deploymmt Each phase of deployment would be sized and be given sufficient capability 
to achieve specific military and poUcy objectives and to lay the groundwori: for the 
deployment of subsetpient phases. Of equal intportance, the rechnologies employed in, and 
objectives served by, the initial phases of adepbyment would be fully compatible with die 
technologies: .5 objectives of the ultimate strategic defense sysrem. In such early 


Hy 


tfaepsedictabliity of Soviet attack outcome and by impo^g on the Soviets si gnific ant costs 
to lestbre their attack confidence.' These first phases cottld severely restrict Soidet attack 
tinting by denying them cross-targeting flexiinlity, irz^sing launch window constraints, 
andconfixmdmg we^n-to-taiget assgnments, pardculaily of dielr hard-target kill capable 


Wi 





TECHNOLOGIES FOR EVOLUTIONARY DEPLOYMENT 

Technologies available for a first layer of tkfense in the boost phase are: 

* Space-Based Boost Phase Surveillatice and Tracking System 
(B$TS): An orbiting launch warning satellite in high earth orbit that would 


y 
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use various sensors to perform launch detection, booster identification, and 
booster track prediction functions. This type of system could perform 
surveillance and warning functions. Mormation from the BSTS satellite would 
be passed on to other SDI systems, such as the Space Surveillance and 
Tracking System (SSTS), Probe, Airborne Optical System (AOS), or Space- 
Based Kinetic Kill VeMclc (SBKKV). 

* Space-Based Kinetic Kill Vehicle (SBKKV): This is a space-based 
system which would use sensors hand over information to orbiting platforms 
containing kinetic energy weapons. The kinetic energy weapons would use 
sensors m home on boosmis, post-boost vehicles, or anti-satellite sys^ms. 

The midcourse layer of defense could initially be supported by the following 
mchnolo^es: 


* Ground-Based Late Midconrse Sensing Platforms: Mistile-bome 
surveillance technolo^es consist of on-board infrared sensors to p^orm 
disqimmadon a^ ttacldngfrjnctiDns. These "Frol:^”, as they are called, would 

be 'used in conjunctUm widi other element such as the Excmospheric Reentry 

* 

Vehicle Isteic^tar System CERES), Airborne Optical Sysmm (AOS), aiui Groumi- 
Based Radar (GBR). 


Ground-Based Ezoatmospberic Reentry Vehicle Interceptor 
Syst^ O^SQES): The ERIS concept is a multi-stage idnetic kill system used to 
destroy XQConnng warheads. An mi-board seeker would be used to home on the 
targets, based ontargetiafonsation g^ven to it from other SDI sensor elements. 


The technology Srst avtilahle for a ^mnnal layer capability are: 

T 

% 

» Ground-Based High Endoatmospheric Interceptor Missile (HEDI): 
This interceptor could be used for terminal defense and to engage RVs 
remaining from the nudeourse phase of the defense. The interceptor would 
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ac(^t handover data &om other systems. It would use an on-board seeker to 
home in on the teiminal-pbase targets and could be used to destroy RVs &om 
several kinds of ballistic missiles. 


• Ground-Based Radar (GBR); This radar is a Qxed discrimination and 
tracking system used for the tenninal phase portion of the defense. An 
inqptoved version of die system, incorporating software and processor upgrades 
to enhance its dlsctimination ahili^ in order to accommodate increased threat 
sophistication, would follow. 


Coordinamd performance in each phase, together with the integration of a muld- 
deied defense, is the responsibility of the Battle Management and Command, Control, 
Oinnnunicadons element of the system. An inirial c^abiiity to manage the defensive 
battle and command, control and communicaie with hi^ confidence during all phases of 
the (pensive engagement involves decentcaliradon. Specific requirements would Include 

hrmg: phase sensor hmaddast rf track inf onnado n with dt«ifnhiitftd Rn rnmartd and control m 

the engagement platform. This capability will grow incr^entally to the point that full 


fimcdonaKiy for ground-based eleineats and the initial c^abiHty to manage boost phase 
^a^bome sensors and weapons will be demonstrated, dien further evolved m establish 





will be acccniplished within the environment piuvhied,fiom the SDI National Test Bed 
(NIB) program, which will achieve an early opeiation4 c^>abili^ in 1988. Capabilities to 


be developed concunemiy with battle management pipmtypcs arc those associated with a 




stia^c defense system. 


A successful SDI architectuie must be premised on the un^tandmg that it would 
ac^mmodate present and futnm U.S. strategic needs ami be responsive to Soviet 
counmtmeasures. The Soviet threat is considered m eilnbit an evolving c^ability that can 
be characterized by nou-rc^nsivc and modified systems over the near term, moving 
teward more directly msponsive countermeasures in the longer term. A U.3. defensive 
architecture must allow development of cost-efiective defen^ve capability over the long 
term, eyen in the face of an aggressive strategic countenneasures program. 
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The task is to meet these requirements with an appropriate level of technology by 
deploying an evolutionary and time-phased architecuire. This architecture would be 
comprised of ground, air and space-based systems within a fiamewoik that maxhnized the 
leverage of the US defense posture over existing threat and plausible near-term 
countermeasures. Deveiopment and deployment of a time-phased defensive sysxsm would 
enable tbs US to counter an evolving Soviet strategic threat with sysmms that wouM erode 
Soviet con&len(» in their strategic offensive ferces while enabling US strate^c plannem 
indirectly to cause Soviet weapons acquisition programs to be channeled away from 
Strang ofrea^ programs and toward strate^c defensive programs. 

FUTURE PLANS 

-1 

The Stmtegic Defense Initiative Organization (SDIO) investment strategy which 
pertains to these program elements is characteii^ by diree objectives: (1) bringing the 
most mature technologies m a level where, if fbe ded^on were made to proceed die tasks 
. of lealimg )^e individual system concepts would primarily be one of en^eermg;.(2) 
pursuing developntent' of emergihg techniogies having the potential for major 
inrptovements in defense efreedveness; and (3) ensuring investment are made in 
innovative ideas which, although they present higher technical risk, hold the promise of 
great success and could yieM signifreant p^& in acMevmg a thoroughly reliable defense. 
This program is based on an overall sys^ns ^ipioach and conqilenieataiy systems design 
in Iteu of an alternative 'and possibly ^bopdmized approach in which individual 
. tedmologies, systems and nussmns are instead ^vteu isolated focos, 

Fbllow-on technologies arc essential to oihance survivability, cost effectiveness 
and defensive effectiveness, as weU as to provide responses to possible Soviet 
cotmtenneasoiies. In the freld of sensors examples of ^ivanced technologies now being 
ei^lcred include: a space-based surveillance and tracking platform, which enables more 
accurate tracking and discriminadon; a space-based radar; and the airborne optical sensor, 

I 

which could augment target tracking c^ability in the late mid-course. Follow-on weapon 
candhJates inclmie space-lased and ground-based directed energy devices, which are very 
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valuable as interactive discrimination devices as well as weapons, and which could 
significantly enhance the effectiveness of the boost- and mid-course phases of the defense; 
and ground-based hypervelodty guns, which could be used for highly cost effective 
^Ttninal defense. 



CHAPTER TWO 

THEATER MISSILE DEFENSE PROGRAM 


SUMMARY 


The Soviet concept of opeiaiioiis a general war in Eunipe is to conduct a 

smprise attack, winning rapidly by overnmning and securing key areas throughout 

* 

Western Europe. The Soviets are restmcturing their theater forces to be better able to 
achieve this end by increasing the mobility and Ercpower of thdr conventional wc^ns 
while retaining nuclear systems as an option. By the mid 1990s, the Soviets will have a 
large force of accurate^ short range ballistic missiles (SRBM) capable of attacking NATO 
theater assets. All SRBM systems Ctould anploy nuclear, chemical, and high-eq)iosive 

IV 

warheads, and probably a submunition option. Tins unproved accuracy^ coupled with 
range and leacdrm thoe improvements provide the Tneans the Soviets need to acconmlish 
operadonal coacqits assodaod with a coorpieheQsiyc air operations pl^ using tactical 
tmsmie strilres to enhance cosrithjr'breailtodts. We have no defense in. place 

agamstdnsthicaL * ' . ■ ■ 


■On 28 January 1987 the Deputy Secretary of Defense designated the Army as the 



pas^ countermeasures, actrve defmses aiul countexforce options. This program is bdng 
devebped widi allied tecpirements m mind and indndes, in so & as possble, cooperative 
alHed efforts, AIEed cooperative effints are essential to the Eelding of a ■nable response to 

X* 

ihe tactical missib threat. The ultimate goal is to develt^ theater mi^e defense c^abilides 

that deny the Soviet planner die tactical advantage offered by more turairate, conventionally 

•¥ 

aimed misidT es. 


The SDI technology tbvclopment program for FY 87 includes $71 million in 
support of the active missile defense technology related to theater missile defense, with 

T 

approximately $280 milli on programmed through FY 1989. Results of this program, plus 
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spinoffs firom all SDI technology research {sensors, EMG, kinetic kill, lethality, and 
BM/C^) will be integrated into ATM programs as appropriate. 


PROGRAM STATUS 


Technology being developed in direct support of or related to theater missile 
t^ense programs can be divhled inm two major categories, ambicectural/system analyses 
ami interim capability improvements. The results of technology development will be 
provided n> die Army for their use in the design of theater defense systems. The status of 
these efforts is provided below. 


Architecture Studies: These analyses will provide the basis for design and 
evahtation of system architectmes needed m resolve the metical missile threat in the theater. 
The analyses win iiKdude evalnadons of tite threat and the CcupabSities of current systems to 

•H 

ccamter that dneat They wiEalroirtehideiscoiimiendanons on deinquowement of current 
theater defense architectures throngh system improvements or alternative system 


devdopment This mnlrinfliional anal^ of theater defense rcqoiremeats will provide 




coirait force structure, ami wiQ present a vaneQr of technical approaches ro inpoving the 




Extended Air Defense Test Bed: The Extended Air Defense Test Bed will 
provide a test bed for the stmulatioa and analysis of alternative theater architectures to 
detennine dte v alidity of proposed solutiais and the effect of change of one component on 
die entire system. This system win be a node to the SDI National Test Bed, but on a 
smaUer scale, to be able to evaluate theater components (acmal and simulated) and 
associated battle management, communications and control points, an in real time. The 
Test Bed* then, will be a valuable research tool that wffl provide theater architecture 
designers the information they need to properly assess proposed architectures and the 
merits of proposed improvements. 


* 
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Survivability Analysis: Theater Missile Defense systems must survive the 
battlefield enviranment if they are to be credible and effective. SDI-spcnsomd survivability 
analyses will identify survivability issues that must be addressed in the design of such 
systems and meet operational goals. These analyses will also support the improvement of 
other systems such as commuidcations centers, data processing centers, command and 
control nod^, or other technical/combat systems as more information is gathered on 
weapons effects, sysmms protectitm techniques, and degraded operation xequiremeDts. 

invite, Show and Test (IST): The Invite, Show, Test (IST) program wiU 
provide a forum for U.S. and AlHed systemfs), subsystem(s) and component(s) to be 
tested and evahiated for pos^lcintegr^on into theamr missile defease systems. Articles 
to be selected will include kill mechanisms, sensors, BM/C^ systems, and other 
components. This program is miu|iie in that it solichs technology fiom a world wide base, 
forms from the U.S.* UK, Canada, Italy, Germany, France, and Israel have expressed 
intemstin^. Contract awards for ^ are anticipamd for August 19S7. 


Combined. Allied Defense Effort (CADE): The Combined AUied Defense 

■ 

E^Ht- (CADE) is tbApiogram designed to manage' the Invite, Show, andlTest program and 

■ ■ “ . * 

integral other system msts results m support more infimed decisions on the foliow^on 
development of theater defense systems. The benefits of tins program will be realized as 
the data fiom competing e:q«nment5 are reduced and analyzed and recommendations are 
developed bn tiie selection of proposed sysmms or subsystems. Major SDI and/or servu^ 




limited to: RaytheonPATBIOTATMin:qirovements,LTVFLAGEandERINTTut-to- 
kfll" missfles, the French SA-90 (ASTER), and the Isaeii ARROW. 


Flexible Lightweight A^le Guided Experiment (FLAGE); The 
nonnuclear loll of conventicmal, chemical or nuclear wariieads is the theater defense goal, . 
and is expected to be acconqilisbed by achieving a Tiit-to-ldll” capalnlity. The FLAGE and 
follow-on Extended Range Interceptor Technology (ERINT) programs will demonstrate 
new guidance and control techniques needed to accomplish the nonnuclear kill of Tactical 
Ballistic Mi^es. On 27 June 1986, a FLAGE missile achieved a direct hit inteicept of an 
air launched target, demonstrating effective end game maneuver and control.- The 1987 test 
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program, or FLAGE foUow-on, will use LANCE missiles as targers. The FY 87 effort 

■F 

completes FLAGE and is programmed at $10 mUlion. Toe ERINT progam will e?Kend the 
FLAGE concepts to operate at different altitudes and ranges. The ERINT program will use 
existiog Ere control systems to manage the engagement. The ERINT program is funded at 
$17 miHion in FY 87. 


Raytheon PATRIOT ATM FoUow*oa: The proposal to improve PATRIOT 
beyond canent ATM capabilities is currently unfunded but an evaluadoo of these 
wcmenls may become apart of 1ST, if funds beconte available. 


IM 


French SA'90: The I^nch have been developing a family of air defense 
wet^ns that will provifh radical missile defense as wdl This system may be a candidate 
for die CADE program, bat is currently unfunded. 


Israeli ARROW: The ARROW system is not funded at this time. The 
technology m be demonstrated in the ARROW progpm could have application in both 
ucucal nussHe defense and ^deSmse. 


OTHER SDI SUPPORTING TECHNOLOGY 


SDI has made signiEcant progress in developing efEcient electromagnetic 
CYailgitet''') and electro&ermal guns Eir accelerating guided and unguided projectiles. This 



and cruise inissiles. 


The current state of SDI optical ^nEared, ubraviolet and visible spectrum) and radio 
frequency (RIO seeker development for endoatmospheric and near*endoatmospheric 
missUes can provide a siguEcant improvement in the c^ability to counter the Soviet 
tactical missile threats, and could be the basis forr^id, near term isiprovements to existing 
air defense systen^ to provide for incmased capabilities. 
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Much of the SDI laser weapon developments would have applicadon over the long 
term m conventional defense against tactical missiles, both cruise and ballistic. 

Theaar irds^e defense early warning and attack assessment functions will benefit 
ficom swisor technologies in that the defense will be afele to identify the attack and 
implement a p p m p riaa actr^ defense^ and coimteimeasures on a real time basis. 

The development nf kine tic kill systems and associated guidance technology needed 
to accomplish space-based ikinetic kill nnsaons would provide a basis to improve ground- 
based systems used in and-tacttcal missile roles;. * 
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CHAPTER THREE 


POTENTIAL SDI CONTRIBUTIONS TO OTHER MILITARY 

MISSIONS 


Other sipificant near-tenB ndH^ misMons whose perfonnance tmght be aided by 
the applicadoh of technolo^es developed under the SDI program include strategic and 
tactical air defense, maritime defense, access to $p^ and conventional missions such as 
anti-armor. This section of the report addresses the potential contribution of SDI 
technolo^es to these mission areas. 


AIR DEFENSE 

¥■ 


llie air defense mission encompasses surveillance, warning, interception, and 
identification or negation of unknown aircraft which penetrate the air defense intercqtt 
zo^ Systems which.conEtibute to that missioa in fee continental U.S.-include the Joint 
Surveiltance System network of Air For^ and FAA radars, the North American Warning 
System of radars am?o$$ Alaska and Canada, Airborne Warning and Control Systems 
(AWACS) aircraft, and those fighwr-mterccpiors on continuous alert These systems wiU. 
be augmented the Over, the Horizon Backscatter (OTH-B) radar network, which is 
scheduled to be operational in the eatiy nineties. Although current systems are potentially 
capable of detecting, assessing and intercepting tite antidpated thie3t,-tiie technical promise 
of SDI could significantly improve air defense mission effici^cy and efiectiveness. 


Tactical air defense in a theater of operations includes sensor systems such as the 
AWACS and mobile ground-lrascd radar systems. These prodde early warning and 
en^gement control of Air Fotk air defense and Army anti-aircraft SAM systems such as 
PATRIOT and HAWK. This leads to a highly decentralized command and control 
environment, constrained by limitadohs in current battle management and communication, 

F 

command and control systems. 
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Document Quality: 


Through the use of the Freettom of infonnation Act and an extensive nehvork of government, mede, 
axl academiccontacts, the Nationa! Security Archive has developed this varied collection of primary 
matedalSL Just as the type of materials induded varies, so does the quafity of each docum^t. 

TheNalkma! Security Archive has made every effort to provide Chadvryck-'Hedey Inc. with the best 
quality, mod corr^ete copy avaOahle of eadt dooiment Chadwy^'Healey Inc. has feithfully 
r^Koduced <m microfiche exadty vffrat was provided by the National Securffy Aidrrve. 


Many (ffthecioaimemstriciudedtnthisptif^lion were previouslydasstftaf by theU.S. Govsmmerff 
and even when dedassiffed, seciiorts or pages may be obliteiated by the government due to the 
potentiaSy sendSve mfomtalion contamed m them. 


The var^tyof mateiial leprodiKed mfl^piiriication indiidss {^ocoptes or poor carbon copies of 
cablesi, mermxanda. mteSgence i^its, bnetffrg papers, Congresstonal lepcits, affKtalfeffe{s.and 
pressr^iGs. TrasvaffdycanpiBs^rgfictdiesof itnageaidcoriliadwhichfiieniodcai&^filmaig 
and pnic^^ caiuiot eiitffely overcome 


Thssa tfcha.'xfvanedsourceofpTuT^ydoctfinef^ mac^ava^ie for research and aOmicroffche 
r^va been f^uc^ to tha h^iest qiaSy and corfform to AIIM, SSI aiKl ANSI standards. 



NORAD assets operate as a system^ with one type of surveillance asset 
compensating for the deScicncies of others. Improvements in sensor range, data 
processing and operating efficiency would greatly facnliiam the NORAD imsdoa. 


Since anoaft can be diverted to many possible targets, it is difficnlt to discern the 
character of an airbieathing attack. However, bioadpatlnnsofinasszaidscanbeievealed 
if inffitmaiioa fiom mnlt^le sensors can be agamilatai smmltaneously. Advances in 
snrvivable conmmmcalions and distnhited compotatioa OHiId sigsfficantly in^ve raid 
lecogamoo, attack assessment, and the effidemassigpnKnttof mtetcqpttss. 


Theater air defense operadons are dqiendent tpon limited sensor and BM/C^ 

* 

ssintomaffisaedbyelecironiccoantenneasnresandraidsizs; The 
additinn of adjonct sensors nsmg a vaneQt of physical pnm^les wohid ensure sustained 
epentdoaandpxednde asmplffieddevehpmentofcotmtsmieastiies. RobustBM/C^ and 
data pcocessmg ^rstems are needed to ensme that adeqnaie dieaisr air defease operations 


are: 




The NORAD survoUance nnssiOQ coold obtain sobstandai bene&t ffiom a vade^ of' 
SDIcffixts. Space-based sensoR coaid detect aacrafraedvity and c on t nbnt e infamadon 
fiar attack assessraatt SDI deccical powe r program s could povide long-term energy 
sonices for nnattended ground-based radar ^tems.' Battle management and 
commanicadons systems withm die SDI program conld fadlitaie sensor data fiisioa and 
attadr assessmenL At die global level, SDT cnm |^dnnal tgchnalogtes simnladcm 

dis|^ advances coold help int^rate threat infbnnadon necessary to respond to cornbined 
attacks. Sensot;kinedcencigywe£pCH]s,andbattIem2iiagen^teclmolo^esputsnedby 
die SDI would an be applicable to die stiate^ airttefense ndsdoo. 


Theater air defense operadons would also benefit fiom du development of SDI 
ttchnologies. Fac example, as discussed above, die ex^nsion of air defense systems to a 
more robust and-tacdcal and and-cniise missile role could be derived fiom SDI 
' eiqpenments; early warning attack assessment fimedons would benefit from sensor 
development; missile lethali^ enhancements could be based on improved 
lethaliQ'/vulnexability analyst; and command, control and data processing shortcoming 
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could be improved as a result of the softwaie development and signal data processing wodc 
being ^xomplishcd for SDL 

-h- 

As cmrendy envisionetL many of ±e SDl technologies discussed above could be 
phased inm ^ defense sysmms mdnn a decade. Their istegradon into air defenses will 
require contiaual monitonng of SDI research advances in order to apply technologies 
^pr o pr iagly. The Air Defense Lririaave (ADI) is examining, imer alia, the conmbutioas 
of SDI technologies to improv ed air defense. 


ACCESS TO SPACE 


The soipe aid namre of future U.S. opexadons in spac^ in support of nadonal 
seanity as well as dvil and (mmmercial aedvides will be largely demrmined by the 
avaSabili^ of hi^ capacity, low cost space tmnspmtadon ^sterns. The recent spate of 
sp^ launch j^dlnres, and the ctidcal cxaminadoii of die U.S. space lanoch posi^ whidi 


resulted, have made it dear that tte current femly of U.S. launch vehicles lacks the 

■V ■■ 

■thean* 






no 


U.S. operadons in ^acft. 


Since die con^I^n of the Space Shntde's R&D program in the early 197Ds, there 
has been no si gnifi cant Uil. investiiKint in the technology base needed to support 
devdopment of advanced space transponadon systems. Qnrcnt systems provide access to 

I 

low eaidt mbits at a cost benraen three and five thousand dollais a pound. Becausemany 
conqxments of space-based de&nses would be unaffordable at these cost levels, ±e SDIO 
has a vested iniercst in supporting devdopmeat of the technology base and ^sterns needed 
to support a (teployment of the space-based dements of any future ballistic missile defense 
system. In doing so, however, SDIO will contribute to the solution of a larger nadonal 
piobldn-how to achieve a cost effective and reliable launch posture that will cany the 
nation into a greatly eiqianded role in oumr space in the twen^-first cenDny. 


Technologies developed by SDI would assist the nation in developing the capability 
to move beyond our present limited capability to launch relatively small payloads to one 
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pemutting the lifnng into space of larger and heavier payloads. Ihisofar as SDI would 
involve the ability to develop the capabOi^ to launch such payloads, the United States 
would obtain the ability to deliver paytoads of.varying size at a high lato. We would expea 
to dove launch costs down diaicaticaily, dtus achieving die benefits of economies of scale. 
Odier advantages to the natioa would include the development of rapid lower-KtoSt launch 
capabilities to support oadonal weather rntmitoring, surveillance, communicatioa and 
navigatioa sysoxns. 


lioeased launch cap^des would also provide die ability to develop maintenance 
systems to be deployed for on-statioa repair or service of deployed satcBites, thus 
extending thdr useful life and redndog costs. Maintonancto procedures developed for 
logistics support of sp^e-based assets would also provide new technolo^es that would 


A major expansion of SDIO's funding for technology base acdvhies in support of ' 
advanced space aanspcfftadcto systems is planned. Based on the results of the ongoing 
Sp^ Transportation and Acchitocture Study (STAS), both concept defini tion and 

* "■ .-h-i-k « ■■ 

technology base programs would be ei^anded. Tito NASA/DoD STAS studies have 
indicated that an unmann^'Advanced Launch System (ALS) ^ be needed to safisfy' 
nafional space laim^'requirement. Alihoi^ a spedfic system concept has not been 

•h 

sdected, it is gemetaJly beUeyed that t^ sysmm will be some form of a two^stage, 
veiticaliy-lanncbedpatdallyieQsabieiocltet'vddde, DoDtechnoipgyinvestments in space 
tianspoitatioQ are closely coordn^ed widiNASA to ensure they are compkutontary. 



MARITIME OPERATIONS 


The ^bal maritime opeiations of U^. naval units and fleets in both peace and war 
are crirically d^udent on snrvdUance, commuoicarions and the abS^ to inmrcept hostile 
forces fa^oad the range at which they can actively threaten fleet tmts. The U^* Navy is 
con&onmd by a Soviet matirimfe threat of growing size and sophistication, a multi- 


&om ^ace, air, suz£tce and snbsurface platforms. Basting Navy defenses involve 

the manner nroDOsed for a layered sti^gic 




Massve raids of Soviet land-based boird}eis with each bomber carrying numbers of 
^hisdcated anti-ship missiles (ASMs), present an eqtecMIy serious threat to the surface 
fleet The bombers must be interested before they launch their ASMs &cm standoff 

ranges. In the near term, the SDI flrst generation surveillance sateflite could significantly 

" * 

extend the range for detection of bombers, and would augment naval airborne early 
warning i^iars to sepiport timely laundi of sea-based fighters and long range shipboard 
anti-aircraft misriles. Technology spinel from the Hgh Eodoatmospheric Intercept 
(HEDl) ptogcam could contribute mdie development of a loig range stnp'based missile for 
inmreepting b(»ribers befere they reach ASM launch range and for suppiessiGn of Soviet 
standoff jammer aircrafL . 


SpinoSs fiom advances in. communicadons, multiprocessors, intelligence 
intei&dng and software now under development by SDI to meet the demanding'battle 




operations in both the near and fir tenn. For etan^le, the battle management software 


«■ 


ad^table k> the Navy’s less stressing requirements to perform similar operations involving 
lesser numbers of seaborne and airborne friendly and hostile objects. Further, SDI 
software development tools employing artificial intelligence and knowledge-based 
technology should markedly reduce the cost and time required to develop and manufacture 
secure and fanlt-fiee software for t^dcal use. 
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In the longer temit it is expected that the Soviet bomber ASM launch tange and 

countexmeasme c^abOi^ 'will increase. The SDI optical sensor technology employed in 

the second generanon sorveiUance sateUim, if ^plied in naval aircraft and air-ttefense 

1- 

missiles, ctmld help fleet defenses keep pace with advances in die bomber threat TheSDI 
space-based radar would provide a valuable mnldspectral surveillance mix with optical 
sensor satellites. Spinoff feom the SDI hypervdoci^ gon and laser technology could 
result in highly cSecdve shtp^based weapons for defense against an anticipated new 
generation of Soviet antl-sh^ ennse missiles. RyetafnpTe, a rapid-fife eleccmtnagneric 
gun ("railgan”) diat propels a low-cost guided projectile at a vdoc^ of 5 u> 10 km^sec at 
long range would be very atsacdvh fcs’ defenthng against Soviet ASMs launched &om 
bombas, ships or snbmazxnes. Applicaiimis of SDI laser wes^n technology (Exctmer, 
ftec-dectron, and chemical) could provide the quick loll defensive capability needed to 
counter even the most advanced Soviet ASMs. Advances madb in developing high power 
microwave technologies fenr SDI puip(^ has potential ^plication as seaborne tactical 
we^tons. 

CONV^IONAL FORCES 

M 

_ * " 

For ctffiveatuHsd ground fence Qperadoiis in a Eurt^pean general war, the ^viets 

have d^loyed a vast anay of v^pmis to provide massive Srepower. This array includes 
tanks, mobile artilleiy and armored personnel carriers as well as sophisticated att^ 
hdicopteis. These we^ns are designed to provide the mobBi^ and feiqiower necessary 

w 

to overwhelm NATO forces without resort to nuclear we^ns. 

* 

As a counter m this Soviet/Warsaw Pact cai^bili^, conventional NATO forces 
require an infusion of new tedmologies to provide in^tted capabrliries in the areas of fire 
power, £ue control, command, control and commnmcations ami inpoved power supplies 
to eiOtattce the molHle operatHHts of advaiMted weapons 

The SDIO is developing a range of advanced technologies which couM be used in 
developing advanced weapons and support or control systems for conventional forces. 
These include, for example: 
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O^tweight, rapid'Sie hypervelodly gun technologies could provide significant 
improvements In and-aimor, anti-aHcrait, and fleet defense opeiafioos. These 
lnn(k of systems could be capable of rapid, lethal response to a>nventional 
attack, especially when coupled with low cost guided hypervelodly projectiles. 
These technologies may provide the synergy needed to develop an eSecdve 

’ nai 
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The development of power sillies with hi^ power densi^ could provide a 




control and support elements. The technical improvements being made in 
c m n m umcaiioas, battle management, and resource aHocafion are also geneiatmg 
greater demands on dm design of effective power supply systems that can 
provide sufficient power with low noise and/or thermal signatures, 
li^twdght, cpnet power systems would contribute to the reduced signature of 




The atnli^ to engage more than one targetat a dme is bemg devdoped throu^ 

* » ■ 

advances in oon^uteraid^ or controlled mold-taiget fire conool systems. Uns 
would enhance the battle manaeeosentfimctions of all fiirces and enhance thdr 


w 

efSciency in the use of resources. 

w 

A 

* 

Recent experiments have demonstrated technologies related to hyper-velocity 
we^ns development and havedemoasgated dtese capabilities: 

• Rapid fire operations of greater than 10 shots per second; launch efficiencies of 
greamr dian 50 percent; projectile mass fired of up to 700 grams; and electronic 
switch operation of t^ to500Idloan^peies. 


Within several months, launch energies will probably be increased ro levels approaching 
artillery shell muzzle energies. 
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The SDI program is pursoing technology for advanced iSre control ^sterns to track 
multiple ta^ets and guide hyperveloci^ projectiles to targets. Included are lightweight 
co mm a n d gui^ projectiles with cost goals of $20,000 per round. The launch veloci^ 
goal is 5 Idlomemis/second. Such projeci^ codd provide an air defense or and-aimcr 
c^abSi^. 


coHccdoji* fuaon and proces^g of masnvc amounts of intelligence data on a near leal- 
dmelssas. The ^licadon of eii^ett systems win findier&cilitate processing the data to 
allow force stmctmes to be categomed and tracked. These developments can ensure the 






rokee^ 



helibcHne and molnle forces on abatdeScild. 


«■ 
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CHAPTER FOUR 


SPACE DEFENSE 


SUMMARY 


The defense of nnlitaiy space assets is increasingly impextant as the Sovi^ 

mairiRin their present ctKirbiial mtttcqpmr* develop large-scale directed eiwrgy fecilMes 
widi sareUfm anackfng and poanial ASAT capability^ and maintain a potential (Brea ascent 
tntercqitor c^ability mdi didr deployed ABM intetcepnir, the nnclear-tipped GALOSH. 
The SDIO is fiiUy cmnmt^ to leseaiching sy^ems that win reinain eSeedve in the face of 
these dedicated ^orts to defeat them. We are funding major investments in the 



aiQr ftitnie ballistic nus^e defense system. 


- Dus- sccdon snmmaxizes SBl conmbutioits to provide snfddent warning and 
tracking Moomnmi to st^i^ satdiis SQivivabili^ as weE as a means to <Mend, evade, or 
comiisr attack agednst U.S. military satcJlites. Fardcolady relevant axe SDI mchnologies 
bdng developed for evenmal Space Survdllance and Tracking Sysmms (SSTS), Space- 
based Noetic ^ Vehicle ^BKEV), HxnaTmospbaic Reentry Vdiicle hitercqimr (HRIS), 
and Ground Based Laser (GBL) systems, as well as capabOiti^ for responsive or random 
maneuver and nuclear, fiagment and laser hardening of spac^ platforms. 


PROGRAM STATUS AND KEY TECHNOLOGIES 

* 

The probicaa of space defense comprises duee areas which are discussed in mm: 

L Space Surveil^ce and Tracking; 

2. Space Defease We^ns; and 

3. Passive and Active Counteimeasuies. 


21 


Currently, the SPADATS sensor network operated by NORAD/USSPACECOM 
^ves the U.S. the abili^ to locate and maintain track Sles on satellites. This network 
includes radars and visibledn&ared systems. Space Object IdendEcation uses radars and 
optical means for low orbit satellites. The SDI program ofters a wide range of sensor, 
radar and laser technolo^ dia: have potendal plication for improvements in tins area. 

Tlte current dneat posed to U.S. low orbit satellites by the operational Soviet co- 
orbUal fragmentation inteicepmr is of immediate concern. Maneuver is one possible 
coimteimeasnie. A Sovfot rSrect ascent nuclear ASAT targeted against a low orbit U.S. 
sateTlrte reqjaires devetopment of a self-defense capahili^. 

In foe long term, interceptors cr other means of "shoot back" are likely to be 
required. Ground-launched or other interceptors could be used. For example, a space- 
based intexc^tor pc^oned near the defended platform would draw on the technology in 

foe current SBKKV interr^tor pro^am. Laser vn^ns cur r en tly under consideration 

* 

potentially represent a Icmger tenn alamaiive fowerinarginal cost per shot 

A* thiid category of space dtfense technologies involves passive and active 
conntermeasnres. The U.S. has wodeed over the last decade on hardening satellite 
^Sterns. Because we must andeqtate operations in a future wartime environment with 
advanced technology defense suppiessioa threats, the SDI program has invested in 
survivability technology aimed at protectron far above current levels. Passive 
countermeasures research includes ablative and ladiado shieiihng, mass shielding and 
hardened ch^ technology. Active comuenneasQieswiU also be consideied. 
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FUrURE PLANS 


SDl is proceeding with the technology elements discussed in coordination with 
other DoD elements. Major dmnonsttatioDS are p lanne d m show engmeering feasitdli^ for 
selected items such as the SBKE^ and BRIS mierceptors, the TER radar and selected 
coanmrmeasores techmqoes. The costs for most of the iotms discussed have not been 
developed in detail A few exc^tmns exist, such as HRIS, where definite cost goals of $1 
minion or hiss per inmFc^tor for d^loyed quantities have been established based on 
ennent understanding of both technotogy and rcqmremems. 



CHAPTER FIVE 


EARLY WARNING AND ATTACK ASSESSMENT 


SUMMARY 


Eariy Wazning aM Attack Assessment ^W/AA) provides cracial infonnation 
teqmied by dedsioa-iiiakers to allow them va lespCHid to a ballistic missSe attack. Ibis 
fbnc^on is essential for a detenent policy based on offensive letaliatioc, defensive 
capabiH^ or a cosibination of bcdi. EW/AA for snathe defenses will be accontplished 
using die complete suite of SDI sensors tied into the Battlefield Management and 
Command, Control and Communications (BMC^) ^sterns. These sensors would 
complement radsting and planned ^sterns. For a molti-'tiered SDI system, eady warning 
and initial attack assessment will occur in the boost phase. -However, later nsis-post 
boost, midcouise and terminal— mil provide additional sensor information on ballistic 
missile s or dieir deployed reentry vehicles (RVs). This SDI suiveiQance and tracking 

capability will also enhance our cinient off(msive*ba^ detexent posture EW/AA 

- ' * 

funedons aroimptstantin all aspects of defensive opei^ons. The sensors being devdfoped 




in die proper assessment of information, and help develop appn^nate warning 


EW/AA fimctitHis related to missile defense are described as follows: 


Boost Phase. Initial EW/AA will be provided during the boost phase by the 
Boost Surveillance and Tracking System (BSTS). This new satellite system will proAdde 

signiScandy nunc survivability and better perfmmance than cunent system capabilities. 

* 

BSTS win detect die launch of ballistic missiles and will provide rapid alert to the National 
Command Authority. 

► » 

Post Boost Phase* The post boost phase occurs as the Post Boost Vehicle 
(PB V) leaves the atmosphere and begins deploying its RVs and decoys. The BSTS tracks 
this deployment During this phase, as the RVs fly a ballistic trajectory, more accurate 
information about the enemy's targets and intent could be provided for a strategic defense 
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system. The battle management would use this infonnation to prepare subsequent tiers for 
their defensive roles. This infonnadon can also aid in the timely management of offensive 
stcategio forces. 


Tracking using die SDI Space Sgryeillance and Tmcldng System (SSTS) would 
begin during this phase. This system would track die RVs and other objects using 
advanced sensors. Using stereo processing in conjnncdon with other SSTS satellites, this 
system would be able to track objects with in^novedaccurai^ compared to single satellite 
pcxuKxmance. Mtematioa for a ttack assessment would dien be more accurate and would 
begin to include the number of Reentry Vddcles as wcB as dieir taiget kcadoos. 


Midconrse Phase. Objects deployed horn the Post Boost Vehicle travel 

ballisdcally thiongii space. SSTS sa^ms, wMch began tracking in the Post Boost Phase, 

would provitte incmasingiy accurate attack assessment to subsequent tiers as thieat objects 

progress along dieir trajectory. Duimg the later part of the midcourse phase, other systems 

isdudmg the Long Wavel^gdi Infiaied (LWIR) Probe and die Airborne Opdcai System 

(AOS) would smit to tmek the ducat cloud. The LWIR probe would provide back-up for 

* ^ 

the SSTS sysKun udlhdng stereo processing. The AOS would track threat objects during 

m ^ 

• lam imdcourse and as dit^ reenter die atmosphereL . 


Terminal Phase. As the objects reenter the atmosphere, the AOS could also 

provide greater accuracy and final attack assessment It would alert and cue the terminal 

radars, winch would provide final attack assessment of the smvivmg Reentry Vehicles that 

niost be destroyed by Bndoatinospheric interceptors. 

■ * 

Survivable Command, Control and Communications (C3). In order for 
each tier’s suite of sensors to provide condnuous early warning and attack assessment, 
survivabic C3 systems most be built Systems contemplated by SDI complement C3 
systems already in place and being upgraded by the Air'Force. SDI would build upon 
these eidsdng systems in order to provide continuous funcdoimig via highly survivable 

commumcations links. Command and control nodes will be proliferated on various ‘ 
weapons and sensors platforms, thereby reducing the vulneiablility of the complete system. 
In order to provide highly survivable communication links, directional links would be 
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used. Because of their directional oanue, these links 'would be highly re^stant u> j ammin g. 
Both ground-' and sp^e^based nodes would be linked through existing and improved 
command, ctmtrol and communication f^nlittes. SDI will provide the technology to 
nr^jlcmcnt most of these inmiovemenis into existing ^sterns even if the decision is 
made not to deploy stta^m defenses. 


PROGRAM STATUS 


Etpenments whidi 'wiQ. support devdqnimit of SDI early warning mid attack 
assessment cmicepts are listed in diis secdon along with siqipatiing ledmolo^es. These 
expetintens indudc die Boost SuzveiBance and Txaddng System (BSTS) Esqpenment. 




(AOA) E^qpenment, long Wavelength Ihfime d (LWIR) Brobe Expedmeot and die 
Imagmg RadmBtpeihiie&L 


BS1!S Expmment The BSTS'wiE complete System Design Review (SDR) in 

M 

PY'S7,.ven^g the BSTS system re^rhemenfs. ThePrelnmsmy'Pesi^ Review (PDR) 

'* a 

toveafythedeagnofthesystemissdisdnlfidfortmdFYSS. TheOsncalDerngnReview 
(CDS) will be conducted in 90 and wp feeeze ihedesign (^BSIS and provide final 
approval for the m^enment. Tedmology effoats suppottk g a BSTS experiment and a 
firtoie system inclnde: 


ml990. 




Ftllttllltl] 




to be built in FY 88 andpOot lineproducdon sdteduledfor FY 90. 

Hatdened BeiyJlimn minors to be demonsliated in FY 87 and production 
capability planned Sir FY 89. 


be demonsuated in FY 88, and a VHSIC computer to be developed by FY 90. 
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These technologies will provide real time processing of inionnation in a nuclear 
environment Hiis c^ahOity si^iiScantly reduces tiu amount of data to be transnntted and 

dterefere enhan ces siirvTvahiKty. 

Se:raial measnremaits programs snppmt die BSTS: The third Color Eiqpeiiment 
scheduled in FY 88, hifiared Background Signamre Snrv^ scheduled in FV 89, and the 
iudeareffects experiment, EXCRDE, sdiednled in Fif 90. 

SSTS Experiment. The SSTS expenmrat is scheduled for System Design 
Revasw (SDR) in late Ff 87, A Preliimnary Design Review (PDR) is sdiednled for late 
FY 8S and Critkal Design Revtew (€2)R) in FY 90. Several technologies support the 
SSTS: 

. * LcHtg Wavdengdt Mrate d (LWIR) focal planes are being devefoped under 
• several tSffiaemteriiiKjlogypip^ams. These prpgams are stressmgiacSatiEm- 
haniened BaodjODodnetor QBC) devices windi will allow detscntKi of 

• RVs against a coM ^acc'haricgromid, ModaLes-for die foc^ planes will be 
developed fay FY 88 and experimental prndnetinn lines efaablished in FY 9(1 

• Ctyocoders to cool die LWIR focal planes to tens of (tegrees-Kelvin and 
c^ioate for yearn ate bemgdevdqped. Acadcrased tests of these systems arc 

now bemgc nndu cte d , with pro toty pes to be developed in FY 89. 

* 

• Hardnied mirrors developed for BSTS wxQ also st^port devdopment of &e 
SSTS as wM onboard signal processing. 

¥■ 

• SeveialmeasDiememr^KrinKnBwfflpr^ 
andbackground: Delta I8I flights, CIRRI^, SPIRIT, and EXCEDE 

* 

Airborne Optica! Adjunct (AOA) Experiment and LWIR Probe 
Experimoit The AOA experiment has completed its Cridcal Design Review. The LWIR 
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Probe is scheduled for P0R in FY 88 and CDR in FY 90. Technologies supporting these 
devices are essentially the same as those tlm support the SSTS expeiinient. 

Terminal IDsiaging Radar (TIR). The HR has completed System Design 
Review (SDR) in 1986, and is scheduled for a PDR in FY 90. The CDR is scheduled for 
FY 88. Several technologies support the TIR, including the development of solid state 
ttaitsnn^recerve modules. 

Discrimination. Ehsctimination technolo^es wHl provide xesolunon of closely 
spaced ot^ects and ^curate di^eieotianon between actual RVs and replicas. Th&e 
programs are researching the use of Tmagitig laseis and radars as well as different 
interactive discriminanan es:lmiqties. Discnmtnarioa programs arc schwMed to provide 
addmnnal capaMlMes as tbeSoviets det^bp bet^decoys and n»mcIo^ spaced objects. 


-FUTURE PROGRAMS AND COSTS 

A- 

■■ * 

BSTK A system based on dte'gSISexpjanaeDtmsjdiedsIed to be^ Full Scale 
Engineetmg Devdopmeat ^ED) in FY 89. Cost of the deployed system Is yet to be'. 

riwwmtiiwi. 


SSI^. Ftp erimen nl costs are es timate d at $2.2 BOHon. The Tniria! Operational 
C^iabiUiy 0!OQ and cost of the deployed system will depend on die number of satellites 
and thdrcon^Iexity. 


AOA and LWIR Probe. The AOA esqpenment will provide the basis for an 




Systems costs are yet to bedetetmmed. 


on. 


TIR. The TIR experiment will provide die basis for an SDI ground'based radar. 
TIR eiqieriinental costs are estiznated to be $325 miUion. 
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In summary, the EW/AA program is providing valuable potential for an effective 
network of surveillance assets that would serve the United Stams in a varies of strategic, 
tactical and convendtHial roles. 
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